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APPENDIX A

1. LINEAR PROGRAMMING (IL.P) TECHNIQUE

The simulation of refinery processing in this study has been made
using the Linear Programming (LP) technique. LP is a mathematical
technique which enables a large number of inter-relationships to be
studied using computer technology to speed up the process of problem
solving. It is a technique which is highly suitable for the study of
continuous process operations such as oil refining. It is widely used
by refiners to:

o Plan refinery process capacity modifications/additions; and

o Plan refinery operations over various timeframes.

In particular, LP modelling can be used to monitor changes in refining
operations as various parameters, such as diesel aromatics and sulfur

level, are changed. It can study changes in:

o Direct fuel used for process heat (most refining processes use
heat to achieve their objectives):

o Indirect fuel for steam raising;

o Other energy requirements (e.g., electricity);
o Variable operating costs;

o Existing process capacity utilization:; and

o New process capacity requirements.

The LP technique derives an "optimum" solution to each individual
problem by either maximizing or minimizing any pre-determined
parameter. It could therefore minimize energy, maximize revenue,
minimize costs and so on. For the purposes of this study, we have
used cost minimization to derive "optimum" solutions. We believe that
the cost minimization approach will produce results which are
consistent with the day-to-day objectives of refiners.

2. CATEGORIZATION OF INDUSTRY BY REFINERY GROUP

One major problem facing a study of this nature is the need to strike
a balance between complexity and simplicity. On the one hand,
simulation of each refinery would require an enormous work effort and
conversely a single model simulation of the total refining industry
would grossly wunderestimate the complexities of the refining
situation.

/N Arthur D. Little, Inc.



In 1986, there were thirty operating refineries in California, each
with a slightly different configuration. These variations lead to the
use of different options to achieve more restrictive product
qualities. To analyze these differences and the cost associated with
them, we divided the thirty California refineries into six groups.

We obtained information about the operation of California refineries
through a confidential refinery survey.

Based on the survey information, we selected the following refineries
for modeling:

Group Description Refinery/Location
*

I Topping None
II Hydroskimming Kern 0il-Bakersfield
IIT Conversion Unocal - Los Angeles
IV Deep Conversion

- w/o hydrocracking Shell - Wilmington
v Deep Conversion

- LA Basin ARCO - Carson
VI Deep Conversion

- Northern CA Exxon - Benicia

Since topping refineries generally do not produce gasoline and
produce only a small volume of diesel, we chose not to model this

refinery type. We estimated the costs for this refinery type
outside the LP model.

We cannot provide a detailed description of the individual refinery
models used in this analysis since this information is confidential.
We have, however, provided a generalized description of major refinery

types and a generalized description of the Arthur D. Little LP model
below.

3. DESCRIPTION OF MAJOR REFINERY PROCESS TYPES

A. Process Unit Functions

0il refineries are made up of a series of different process units.
Each refinery process unit can be classified as performing one or more
of the following functions:

o separation,
o) conversion, and
o treating.

/A Arthur D. Little, Inc.



Separation involves a physical process (not a chemical process) which

divides an oil into its component parts. Distillation is the most
frequent separation process used in refineries. Distillation
separates components by boiling range. The first process in a
refinery 1is generally an atmospheric distillation unit. This unit

separates crude oil into such components as naphtha, kerosene, gas,
oil and long residue. These components are thus available for further
processing 1in the refinery. A simplified diagram of a crude
distillation (separation) process is shown on Figure A-1. Separation
pProcesses include:

Atmospheric distillation,
Vacuum distillation,
Solvent extraction,

Mole sieve separation,
Cyrogenic separation, and
Gravity separation.

o 0 0 O 0O O

Conversion processes produce a chemical change in refinery components
by altering the molecular structure of the components. Fluid
Catalytic Cracking (FCC) and Hydrocracking (HCC) break heavy, long
chain .molecules found in resid into lighter components such as
gascline and distillates. A simplified flow diagram of an FCC unit is
shown on Figure A-2.

Catalytic Reforming, another type of conversion process, converts low
octane naphtha into high octane gasoline blendstock. Reforming
rearranges low octane naphthenes (cyclic compounds) into high octane
aromatic compounds such as benzene and toluene. Conversion processes
include:

Fluid catalytic cracking,
Catalytic hydrocracking,
Thermal cracking/visbreaking,
Coking,

Residual upgrading,
Alkylation,

Polymerization, and
Isomerization.

©C 00 00O C 0O

Treating units remove impurities such as sulfur and nitrogen from
refinery streams. Treating can be used to improve the quality of a
component prior to blending. A component stream might also be treated
before it is processed in a conversion unit. This can be done to
prevent catalyst poisoning and/or to improve the quality of the
products produced in the conversion process. A simplified flow
diagram of a catalytic hydrodesulfurization (treating) process is
shown on Figure A-3. Treating processes include:

o Hydrodesulfurization,
o} Merox treating,

A\ Arthur D. Little, Inc.



SEPARATION PROCESSES

Figure A.l
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Figure A.2

CONVERSION PROCESSES FLUID CATALYTIC CRACKING UNIT
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Gary and Handwerk pp. 93
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G.E. Handwerk, Marcel Dekker, 1975.

OTHER CONVERSION PROCESSES:

- Catalytic Hydrocracking

- Thermal cracking (vis breaking)

- Coking .

- Residual upgrading
- Catalytic reforming
- Alkylation

- Polymerization

- Ispmerization
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Figure A.3

TREATING PROCESS - CATALYTIC HYDRODESULFURIZATION
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Other Treating Processes

- Merox

- Caustic

- Acid

- Clay

- Amine

- Sulfur Recovery
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Caustic treating,
Acid treating,

Clay treating,

Amine extraction,
Sulfur recovery, and
Desalting.

C 0O 0 C 00

All refinery process units are made up of combinations of the above
three process types.

B. Refinery Configuration Tvypes

Refineries can be divided into four configuration types based on the
process units present. the four configuration types are:

Topping,
Hydroskimming,
Conversion, and
Deep conversion.

©C © C o

These refinery types are given in order of increasing complexity.
Each successive configuration type includes the same processes as the
preceding type and adds one or more additional distinguishing process.
Figure A-4 provides a summary of the basic characteristics and
distinguishing processes for each of these configurations.

An increase in refinery complexity enables the refinery to process the
same barrel of crude oil into a greater yield of light and valuable
products. A complex conversion or deep conversion refinery is able to
produce gasoline and diesel at the expense of low value residual fuel.
However, the greater the complexity, the higher the investment cost,
maintenance cost and manpower requirements.

1. Topping Refinery

The simplest refinery configuration is topping. A topping refinery
uses a separation process--atmospheric distillation--to separate crude
into its mnatural fractions: LPG and lighter, naphtha, kerosene,
distillate, and long resid. A simplified process flow diagram for a
typical topping refinery is shown on Figure A-5. California Group I
are topping refineries.

A topping refinery consists of a crude desalter and an atmospheric
distillation tower. Although not shown, a topping refinery might also
have a vacuum distillation unit which further distills long resid into
vacuum gas oil and short resid. Vacuum gas o0il can be sold as cracker
feedstock or for lube oil blending. Short resid may be sold as
asphalt. Long resid (or short resid) would normally be cut (i.e.
blended to meet viscosity) with distillate to produce residual fuel.

’

/A Arthur D. Little, Inc.
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Figure A.5

TYPICAL TOPPING REFINERY
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A topping refinery cannot directly produce gasoline since the octane
quality of naphtha is quite low. In countries where significant lead
(TEL) blending is allowed, a low octane gasoline product can be
produced from naphtha.

2. Hydroskimming Refinery

Hydroskimming refineries are one step more complex than topping units.
A simplified diagram for a typical hydroskimming refinery is shown in
Figure A-6. The first two process units in this refinery--crude
desalting and distillation unit--are identical to those in a topping
refinery. The distinguishing process in a hydroskimming refinery is
the catalytic reformer. California Group 1II are hysdroskimming
refineries.

A reformer is a catalytic process which upgrades naphtha into gasoline
quality material. The crude naphtha must be treated in a naphtha
pretreater to remove sulfur and nitrogen which would otherwise poison
the reformer catalyst.

Figure A.6 also shows three other process units which may, or may not,
be present in a hydroskimming refinery. These units are
isomerization, distillate desulfurizing and vacuum distillation.

An 1isomerization unit converts the lightest naphtha fraction into
gasoline quality by converting straight chain hydrocarbons into
isomers (i.e., branched hydrocarbons). Isomerization wunits are
popular in countries with lead phasedown requirements. The light
straight run naphtha would be blended to gasoline even if an isom unit
was not available.

The need for a distillate desulfurizing unit is set by the sulfur
specification of the distillate product and the crude oil being
processed. The distillate produced from sweet crudes (i.e., 1low
sulfur) may not require desulfurization to current specifications.
However, sour crudes, especially when processed in locations with
stringent distillate sulfur specs, would require desulfurization.

The vacuum distillation unit would be included in a refinery if the
vacuum gas oil had a more profitable alternative than residual fuel
blending, such as lubricating oils or feedstock to more complex
(conversion) refineries. Vacuum distillation is also required to
produce asphalt.

Hydroskimming refineries cannot produce more light product from a
crude than is naturally available. These refineries simply have the
capability of upgrading the naturally occurring naphtha in the crude
to gasoline.

3. Conversion Refinery

A simplified process flow diagram for a typical conversion refinery is
shown in Figure A-7. The processes shown outside the dashed lines are

A-10
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identical to those for a hydroskimming refinery. The distinguishing
process is the conversion unit shown inside the dashed line.
California Group III are conversion refineries.

The conversion process can either be an FCC unit, a hydrocracking
unit, or a thermal cracking unit. In each case, the vacuum gas oll
(VGO) which would otherwise go to residual fuel, is cracked into

lighter products.

An FCC unit uses a fluidized catalyst at high temperatures to crack
the VGO into lighter products. An FCC unit does not fully convert the
feed to lighter products. The residual, or uncracked portion, is
shown here as cutter stock. The sulfur in the VGO feed to an FCC unit
remain in the conversion products which require further treatment for
sulfur removal.

A hydrocracking (HCC) unit operates under extremely high pressure in
the presence of hydrogen to upgrade all the VGO into light products.
In California some cracked distillates are also generally input to the
HCC to produce Jet Fuel and Gasoline. The products from an HCC unit
are extremely low in sulfur and require little further treatment.

A thermal cracking unit is less severe than either of the above
processes, and only converts a portion of the VGO into lighter
products. As in the case of the FCC unit, the products require
further treatment for sulfur removal.

In a conversion refinery, the short residue or vacuum tower bottoms is
blended to fuel o0il or sold as asphalt. FCC cutter stock or
distillate is used with the short residue to produce an acceptable
viscosity fuel.

4. Deep Conversion Refinery

Deep conversion is the most complex form of refinery configuration. A
deep conversion refinery converts all residual fuel components into
lighter, more valuable products and coke-. California Groups IV, V
and VI refineries are in this category.

Figure A-8 is a simplified flow diagram for a typical deep conversion
refinery. The flow diagram is the same as a conversion refinery
except for the addition of the coker. In this particular drawing, the
VGO conversion process is shown as an FCC unit. A hydrocracking unit
could be substituted as the VGO conversion process. The alkylation
unit, however, would only be suitable with an FCC since it requires
light olefin (unsaturated compounds) feedstock which is produced from
FCC units, but not HCC units. California Group IV refineries have
only a FCC unit. California Group V and VI refineries have both a FCC
operation on VGO and HCC unit operating on cracked distillates.

T

Coal-like substance produced in a delayed coking process.

A-13
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The coker uses the heaviest portion of the crude--vacuum resid--as its
feedstock. The coker produces light coker gasoline which is blended
directly to gasoline. The heavy coker gasoline is treated and
reformed to improve its octane. Light coker gas oil is either a
distillate blendstock or can be upgraded to gasoline on an FCC unit.
The heavy coker gas oil is further upgraded in either the FCC or HGC
conversion process. The coker products require treating to remove
sulfur.

Coking units also produce coke which is a solid, coal-like material.
Coke can be used in a blend with coal in utility boilers. Coke 1is
also used in the production of cement and to produce electrical
anodes,

Deep conversion refineries do mnot produce a residual fuel product.
Coking refineries with FCC units may sell their cutter stock (heavy
cycle 0il) to others who blend residual fuel. ‘

The isomerization and distillate desulfurizing units shown in Figure 8
are optional units in any type of refinery. An isom unit would be
built at a refinery short on octane. A refiner’s decision to use a
distillate desulfurizer is based on crude slate and distillate product
specifications.

Summary

There are three basic refinery processes functions: separation,
conversion and treating. All refinery process units combine of one or
more of these basic process functions.

There are four refinery configuration types which are distinguished
from one another by the process units they contain. The simplest
refinery types are topping and hydroskimming which yield products at
the level mnaturally available from the crude. Hydroskimming is
distinguished from topping by its reformer which allows the refinery
to produce gasoline rather than naphtha.

Conversion and deep conversion refineries convert the heavier
fractions of the crude oil into lighter products. Conversion
refineries upgrade the vacuum gas oil portion of the crude. Deep
conversion refineries convert both the vacuum gas oil and vacuum resid
into lighter products and coke. Conversion refineries are able to
earn part of the heavy/light product price differential. Deep
conversion refineries are able to earn the full differential between
light and heavy products.

4. ° The Arthur D. Little Refinery LP Model

Model Description

Over the past several vyears, Arthur D. Little has developed
large-scale computer models for simulating the major world refining

/A Arthur D. Little, Inc.



centers. In such models a specified product demand pattern is met by
a specified crude slate in an optimized refinery operation. An
analysis of model outputs offers valuable insight into crude and
refined product values with respect to the stated cost of a reference
crude oil. In effect, the model continuously answers the question:
"What will it cost to produce an additional barrel of Product X?" and
"What would an additional barrel of crude oil Y be worth relative to
the reference crude oil and the other crude oils in the crude oil
slate?"

A simplified refinery flow sheet shown in Figure A.9 represents one of
the models. This particular one is of a U.S. West Coast cluster model
and was used in a study of the cost of lead phase-down and sulfur
content reduction of gasolines for the Environmental Protection Agency
(EPA-450/3-76-016 a and b). This particular model was not used in the

current study which was based on confidential, refinery specific
models.

The main blocks of the refinery processing scheme can be broken down
into: (1) naptha, (b) gas oil, and (c) residual. The full-range (C

- 3750F) untreated naphtha can be =0ld directly. Otherwise, tha
naphtha is split into several fractions for blending or further
processing. The light (200-340) and heavy (340-375) naphthas can each

be hydrotreated. Each hydrotreated naphtha can be routed to a
catalytic reformer with the option of running at three different
octane severities. The model chooses the optimum severity or it can

bypass some naptha into finished product blending.

The gas oil proce§§ing scheme is less complex than the naptha. The
full-range 375-650" F fraction can be split into a kerosene fraction

and heavy gas-oil fraction, and each stream can be subsequently
hydrotreated.

The residual fraction (atmospheric bottoms) can be directly blended to
residual fuel oil or desulfurized before blending if from a sour crude
origin. It can also be fed to a vacuum distillation unit; the vacuum
overhead stream can then be hydrotreated for fuel-oil blending or fed

to a FCC or HCC for conversion into lighter products. The model 1is
allowed the option of choosing between two catalytic cracking
conversion levels or several grades of vacuum gas o0il feed. the

propylene-butylenes from catalytic cracking can be fed to an
alkylation unit or to a polymerization unit to make gasoline blending
stocks. Vacuum bottoms can be routed to a coker to reduce the
production of fuel oil and to produce some lighter products and coke.
The coker naphtha can be hydrotreated and the heavy fraction reformed.
The coker gas oil can also be hydrotreated and the heavy fraction
cracked.

‘Additional processes in the model not shown on this refinery flow

sheet include a hydrogen plant. (If the volume of hydrogen required
for treating exceeds that supplied from catalytic reforming, then

A Arthur D. Little, Inc.



hydrogen must be manufactured either from refinery gas, naphtha and/or
residual fractions.) The refinery is usually required to generate its
own steam and power, although these can be variable options. A sulfur
plant 1is provided which converts hydrogen sulfide into elemental
sulfur.

ADL has accumulated industry data for each processing unit for each

crude oil. This includes yields and key properties of the products
from that particular process, capital costs, and operating costs
divided into the following seven categories: refinery fuel

consumption, steam, water, electric power, catalysts and chemicals,
operating labor, and maintenance. The capital and operating costs for
each refinery process unit are based on modern units of the size
consistent with each selected refinery process unit capacity.

The costs of offsites for crude handling and product blending and
storage is included and varies with crude distillation capacity. An
internal refinery fuel balance is maintained (including fuel needed
for steam generation, power generation, etc.) with a maximum sulfur
content specification.

Economic Basis

The data supplied to the model for the computer runs consists of:

o Product demands and specifications;
o Crude supply; and
o Refinery processing options for each crude.

Product demands were fixed volumes which must be met in this study.
However, we can allow product volumes to optimize at specified
netbacks, sometimes limiting minimum or maximum levels.

The basic assumption underlying our use of fixed product demands is
that the total market for petroleum products in a refining center is
relatively inelastic to changes in product prices. This is most true
for products such as gasoline and jet fuel which have no competitive
supply source. Heating oil and residual fuel have had inter-fuel
competition from natural gas and coal in the past. One result of this
is that residual fuel has been sold below its investment cost value.
If we expect this condition to continue, we can remove the fixed
volume restriction for residual fuel oil and allow it to seek its own
optimum production level at an inter-fuel competitive price structure.

In a multi-crude system, crude slate is usually gpecified as a fixed
supply for all crudes except a marginal crude” in which must be
allowed to vary in order to meet a fixed product slate because it is
not known in advance the exact volume of crude oil that will be
required due to gains/losses from refinery processes and own fuel

Alaskan North Slope crude is the marginal California crude.

A-17
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consumption. The volume of the marginal crude consumed will vary
somewhat from run to run. A delivered price is assigned to this
reference crude, and all other crude and product values are determined
relative to the reference crude oil price chosen.

For each refinery process in the model, the capital cost is supplied
plus several categories of operating costs. The capital cost is
converted to a daily cost basis via a capital recovery factor. The
capital charge provides for depreciation, income tax, property tax and
insurance, and profit. Other cost categories can be selectively
included or excluded so that the model can represent operations under
variable cost, cash cost or fully built up cost conditions.

The linear programming algorithm will optimize the refinery processing
scheme at minimum cost to meet the required product demands and
product specifications from the crude slate provided. It is assumed
that complete interchange of intermediate streams from all crudes is
possible.

The most useful outputs from the linear programming runs are the
optimum refined process schemes chosen for each crude oil and the
shadow prices for the refined products and crude oils. These shadow
prices indicate the internal refinery values for each respective
product and each crude oil and indicate the minimum long-term selling
price that a particular product requires in order to Justify capital
expenditures for its manufacture or the maximum long-term purchase
price for each crude oil. The product values (sometimes called
investment cost values) are often used to major oil companies as
transfer values when transferring products from refining to marketing
divisions and also from refinery to petrochemical divisions.

The relative crude values simulate the internal crude oil values
assigned by large, integrated oil companies which have the flexibility
to reallocate crudes among various refineries to optimize its
operations in a large geographic region.

In parametric evaluations, we systematically vary certain key
uncertainties in our input data (such as product demand levels,
specifications, operating costs, crude supply patterns, etc.) to test
the flexibility of model outputs to these changes. A parametric
evaluation consists of an alternate unique LP solution for each
variation in input data. We can thus evaluate on a quantitative basis
the extent to which a variation in a particular input forecast will
affect the conclusions, in particular, gasoline and diesel quality in
this analysis.

It 1is important to emphasize that the crude and product wvalues
generated by the refinery simulation model are costs and not prices.
Market constraints can and do limit the extent to which a refinery can
recover the costs allocated to each product in the model. However,
the model does show when additional costs are incurred in making more

/A Arthur D. Little, Inc.



of a particular product. It indicates a lower market wvalue for
high-sulfur crude oils and a higher market value for low-sulfur crude
0ils as the demand for low-sulfur products increases. The crude oil
values are not prices but replacement values; that is, the value at
which a refiner would replace a barrel of the reference crude with the
barrel of another crude oil. A high replacement value for a given
crude oil means that the refinery can reduce refining costs by
substituting this crude oil for a low replacement value crude oil.

/A Arthur D. Little, Inc.
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Group 1:

Group 2:

1986 CA Refinery Groups

Toppin :(1)
Conoco
Edgington

Witco Chemical (Golden Bear)
MacMillan

Oxnard

San Joaquin RFG

Huntway RFG

Huntway RFG

Gibson 01l

Subtotal Operating: 9
Shutdown:

Demenno-Kerdoon

ECO

Gasco

Lunday Thagard

Western 0il & RFG (Marlex)
West Coast 0il

Golden Eagle

Subtotal Shutdown: 7

Santa Maria
Long Beach
Oildale
Signal Hill
Oxnard
Bakersfield
Benicia
Wilmington
Bakersfield

Compton
Signal Hill
Anchor
South Gate
Long Beach
Bakersfield
Carson

Total Refineries in Group: 16

(L)

Hyvdroskimming:

Beacon

Kern County

Newhall RFG

Paramount (old Conoco)
Sunland

Subtotal Operating: 5
Shutdown:

Chevron
USA Petrochem

Subtotal Shutdown: 2

Hanford
Bakersfield
Newhall
Paramount
Bakersfield

Bakersfield
Ventura

Total Refineries in Group: 7

A\ Arthur D. Little, Inc. B-1



1986 _CA Refinery Groups (Continued)

Group 3: Complex-Without Coking:

Chevron Richmond
Fletcher Carson
Golden West Santa Fe Spr.
Pacifig RFG Hercules
Texaco(z) Bakersfield
Unocal Los Angeles

Total Refineries in Group: 6

KN

" Included in complex category due to purchase of shutdown Tosco
refinery during 1986.

Group 4: Complex-With CokinE/FCC:(z)

Champlin Wilmington
Shell Wilmington

Total Refineries in Group: 2

Group 5: (Complex-With Coking/FCG/HCC at 0.05%S Diesel:(z)

ARCO Carson
Chevron El Segundo
Mobil Torrance
Texaco Wilmington

Subtotal operating: 4
Shutdown:
Powerine Santa Fe Spr.

Total Refineries in Group: 5

Group 6: Complex-With Coking/FCC/HCC at ASTM Diesel:

Exxon Benicia
Shell Martinez
Tosco Martinez
Unocal Rodeo & Santa Maria

Total Refineries in Group: 4

A\ Arthur D. Little, Inc.



1986 CA Refinerv Groups (Continued)

Summary
Operating Shutdown Total
Current ASTM Diesel 23 9 32
Currently at 0.05%S Diesel 7 1 8
Total 30 10 40

Eé; Refineries currently producing ASTM diesel (< 0.5%8)
Large refineries in the SCAMD and Ventura Co. currently at
maximum 0.05%S diesel.

/N Arthur D. Little, Inc. B3
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AucusT 14, 1987

DEAR MR.

SuB3ECT: SURVEY OF CALIFORNIA REFINERIES: HxsTorIC OPERATING DATA
AND FUTURE PLANS.

THE AIR RESOURCES BOARD HAS CONTRACTED WITH ArTHUR D. LrtTLE, INC. (ADL) ToO
ANALYZE THE "COSTS OF REDUCING AROMATICS AND SULFUR LEVELS IN MOTOR VEHICLE
FUELS". THIS STUDY WILL EXAMINE THE COST IMPACT ON THE CALIFORNIA REFINING
INDUSTRY TO REDUCE AROMATICS AND SULFUR LEVELS IN DIESEL AND AROMATICS IN
GASOLINE MOTOR VEHICLE FUELS.

THE APPROACH ADL WILL TAKE IN DOING THIS ASSIGNMENT IS TO SIMULATE FIVE INDI-
VIDUAL CALIFORNIA REFINERIES USING LP MODELLING. THE REFINERIES HAVE BEEN
CHOSEN TO REPRESENT CALIFORNIA REFINERY PROCESSING CAPABILITY IN THE REFINING
INDUSTRY IN FIVE CONFIGURATION CLASSIFICATIONS. THE INDIVIDUAL REFINERY MODELS
WILL BE VALIDATED AGAINST ACTUAL REFINERY OPERATION IN TERMS OF CONFIGURATION,
CAPACITY, PROCESSING FLEXIBILITY, INPUTS, PRODUCT OUTPUTS, AND OPERATING COSTS.
THE RESULTS FROM THE INDIVIDUAL REFINERY MODELS WILL BE SCALED UP FOR EACH OF
THE CONFIGURATION GROUPS TO REPRESENT OVERALL CALIFORNIA REFINERY OPERATION.
IN ORDER TO ENSURE THAT THIS STUDY IS BASED ON THE BEST AVAILABLE INFORMATION
AND TO CALIBRATE THE ANALYSIS, WE ARE CONDUCTING A SURVEY OF CALIFORNIA
REFINERY HISTORIC OPERATING DATA AND FUTURE PLANS.

YOUR REFINERY AT HAS BEEN SELECTED AS REPRESENTATIVE OF A NUMBER OF
REFINERIES IN YOUR CONFIGURATION TYPE. THE DETAILED DATA REQUESTED IN THE
ATTACHED QUESTIONNAIRE WILL ENABLE ADL TO CALIBRATE THEIR MODEL FOR REFINERIES
OF YOUR CONFIGURATION TYPE FOR 1986 OPERATION.

WE REQUEST THAT THE SURVEY INFORMATION BE FORWARDED TO ADL BY SEPTEMBER 18,
1987. PLEASE ADDRESS YOUR RESPONSE AS FOLLOWS:

Ms. KATHLEEN M. McCARTHY
ARTHUR D. LrTTLE, INC.
Acorn PAarRk, MD-315
CaMBRIDGE, Ma. 02140

AN\ Arthur D. Little, Inc. -1



e i

AucusT 14, 1987 PAGE 2

Mr. RoBERT BimaT, JRr.
VICE PRESIDENT REFINING
SunLAND ReFINING COMPANY

PURSUANT TO THE PROVISIONS OF THE PUBLIC RECORDS AcT (GOVERNMENT CODE SECTIONS
6250 ET seo.) AND SEcTION 91010, TITLE 17, CALIFORNIA ADMINISTRATIVE CODE, THE
INFORMATION YOU PROVIDE WILL BE A PUBLIC RECORD AND SUBJECT TO PUBLIC DISCLO-
SURE, EXCEPT FOR TRADE SECRETS WHICH ARE NOT EMISSION DATA OR OTHER INFORMATION
WHICH IS EXEMPT FROM DISCLOSURE OR THE DISCLOSURE OF WHICH IS PROHIBITED BY
LAW. THE INFORMATION MAY ALSO BE RELEASED TO THE ENVIRONMENTAL PROTECTION
AGENCY, WHICH PROTECTS TRADE SECRETS AND OTHER CONFIDENTIAL INFORMATION IN
ACCORDANCE WITH FEDERAL LAW.

INFORMATION CLAIMED TO BE TRADE SECRET OR OTHERWISE EXEMPT FROM DISCLOSURE MAY
BE IDENTIFIED AS CONFIDENTIAL IN ACCORDANCE WITH SecTron 91011, TITLE 17,
CALIFORNIA ADMINISTRATIVE CODE, WHICH REQUIRES THAT THE CLAIM OF CONFIDEN-
TIALITY BE ACCOMPANIED BY AN ADEQUATE JUSTIFICATION. THE JUSTIFICATION SHOULD
BE AS DETAILED AS POSSIBLE WITHOUT DISCLOSING THE TRADE SECRET OR OTHER
CONFIDENTIAL INFORMATION.

THE INFORMATION TO BE COLLECTED BY THIS SURVEY IS AN IMPORTANT ELEMENT IN OUR
INVESTIGATION OF THE EFFECTS OF CHANGES TO DIESEL FUEL SPECIFICATIONS. YOUR
PROMPT RESPONSE WILL BE GREATLY APPRECIATED. IF YOU HAVE ANY QUESTIONS, PLEASE
CALL ROBERT GRANT, RESEARCH CONTRACT MANAGER, AT (916) 323-5774. TECHNICAL
QUESTIONS REGARDING THE SURVEY SHOULD BE MADE TO EITHER KATHLEEN M. McCARTHY OR
JOHN FELTEN AT (617) 864-5770.

THANK YOU FOR YOUR PARTICIPATION.

SINCERELY YOURS,

JOHN HoLMES, PH.D.
CHIEF, RESEARCH DIVISION

/N Arthur D. Little, Inc.



II.

Refinery Questionnaire I

Refinery Material Balance and Fuel Use

Please provide the information as indicated on Table 1 attached
for the year 1986.

Process Capability

Please provide 1986 process capability for the processes listed
below. In addition, please provide additions to process
capability by 1990 based on your current plans under current
EPA regulations and ARB regulations.

For all process units provide capacity in MB/SD, MB/CD and 1986
utilization in MB/CD. In addition, please provide the additional
process specific data shown below. Please provide separate data
for multiple process units of the same type where applicable.

Atmospheric Distillation
- TBP cuts on products
Vacuum Distillation
- TBP cuts on products
Catalytic Reforming

- typical over point and end point of feed

- catalyst regeneration (semi-regen, cyclic, continuous)

- average quality of feedstock (N + 2a)

- average severity (RONC) and hydrogen production (MSCF/B)

- maximum severity (RONC) and hydrogen production (MSCF/B)
- operating pressure

Isomerization

- once through or recycle
- feedstock
- C
- - piant c./C
- - purchased natural gasoline

Naphtha Hydrotreating

- feedstock (SRN, Coker Naphtha, Hydrocracker Naphtha etc.
by vol %)

- sulfur in (wt$%) and sulfur out (wtg)

- hydrogen consumption: MSCF/B --

-

H

Kerosine Hydrotreating

- sulfur in (wt$) and sulfur out (wts)
- aromatics in (wt%) and aromatics out (wtg)

C-3
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- hydrogen consumption: MSCF/B

- number of stages

- maximum sulfur removal and associated H2 consumption
- operating pressure

- operating temperature

- disposition of liquid product

7. Distillate Hydrotreating

- feedstock (S.R., Coker, FCC LCGO etc.)
- sulfur in (wt%) and sulfur out (wt%)
aromatics in (vol%) and aromatics out (vols)
- cetane no. in and cetane no. out
- hydrogen consumption: MSCF/B
- number of stages
- maximum sulfur removal and associated H2 consumption
- operating pressure
- operating temperature
- disposition of liquid product

8. Heavy Gas 0il (Vacuum G.0.) Hydrotreating

- feedstocks

- sulfur in (wt%) and sulfur out (wtg)

- aromatics in (vol%) and aromatics out {(volg)

- hydrogen consumption: MSCF/B

- number of stages

- maximum sulfur removal and associated H2 consumption
- operating pressure

- operating temperature

- disposition of liquid product

9. Residual Hydrotreating

- feedstocks

- sulfur in wt$% and sulfur out wtg

- aromatics in (vol%) and aromatics out (vols)

- hydrogen consumption: MSCF/B

- number of stages

- maximum sulfur removal and associated H2 consumption
- operating pressure

- operating temperature

- disposition of liquid product

10. FCC

- conversion: vol$%

- yield (olefins, gasoline, LCCO, HCCO) vols

- feedstock(s) (VGO, Coker GO, Long resid, etc, volsg)
- feedstock(s) quality (Aniline point, wt% S)

11. Alkylation/Polymerizatiom
- type (HF, H 804, Cat Poly, Dimersol)
- feedstock ( 3 CA’ CS’ volg)

C-4
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12.

13.

14,

15.

le.

17.

18.

19.

ITI.

Catalytic Hydrocracking

- feedstock(s) (Distillate, VGO, Coker GO, LCO, etc., vols)
- hydrogen consumptions (MSCF/B)

- operating pressure:psig

- number of stages

- yield (gasoline, kerosine, distillate volsg)

- maximum severity yield and hydrogen consumption

Thermal Processing

type of unit (i.e., visbreaker, delayed coker, etc.)
- feedstocks (long resid, short resid, etc. volg)

Aromatic Extraction
- B, T, X (volg)
Hydrodealkylation
MTBE

Hydrogen Generation/Purification

- Process type (steam reforming, partial oxidation,
purification)

- capacity (MSCF/B pure H,)

- feedstock(s) (still gas, mnatural gas, LPG
Plant H, etc.)

- productlon capability with alternative feedstocks

- current refinery hydrogen balance surplus (deficit) MMSCF/D

, naphtha,

Solvent Deasphalting

- solvent type
- DAO vyield volsg
- DAO quality (Aniline point, wtgS)

Sulfur Recovery
- number and capacity of units
- sulfur recovery (TN/D)

- percent sulfur recovery

- number of units which are redundant but are required by
EPA

Product Blending

Gasoline Blending

Please provide the folloWing data for all gasoline
components blended to your 1986 gasoline pool. Provide
breakdown by gasoline grade, if possible.

/N Arthur D. Little, Inc.



COMPONENT 1986

MB/D

Lt.Straight Run
Natural Gasoline
Nathpha
Reformate
Lt.Hydrocrackate
FCC Gasoline
Alkylate
Cat Poly/Dimate
BTX
Raffinate
Normal Butane
Iso Butane
Other Refinery
Stocks
Purchased:
Toluene
MTBE
Ethanol

Other Purchased

Total Gasoline

1

TOTAL 1 1 1 C,+
RVP (R+M)/2 AROMATICS BZ TOLUENE XYLENE ARO%ATICS
psi Clear VOL % VOL % VOL % VOL % VOL %

(1) Total aromatics and benzene content most important.
breakdown and test method, if available.

/N Arthur D. Little, Inc.
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2. Diesel Blending

Please provide the following data for all distillate components blended to
your 1986 kerosene jet, kerosene, diesel and No.2 fuel oil pool. Show
diesel and No.2 as one product if not segregated and indicate current
degree of segregation possible.

CETANE2 TOTALl 1 NITRATED1
COMPONENT 1986 °aPI NO. SULFUR AROMATICS PNA PNA
MB/D WT % VOL % VOL %

Straight Run Kerosene
Straight Run Distillate
FCC Lt.Cycle 0il
Coker Distillate
Hydrocracker Jet
Hydrocracker Distillate
HDT Straight Run Kerosene
HDT Straight Run Distillate
HDT LCO
HDT CGO
Other Refinery stocks
Purchased:
Kerosene Stocks
Distillate Stocks

Total Distillate

(1) Total aromatics most important. Provide levels of polynuclear aromatics (PNA)Y,
nitrated PNA and test method, if possible.

(2) Provide cetane index if cetane number is not available.

/N Arthur D. Little, Inc.
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Iv.

VI.

Product Specifications

Our analysis will be based on current California Product Specifi-
cations shown on Table 2. Those specifications that will be
controlled in our LP Modelling Analysis are indicated by an
asterisk. Please indicate any differences in current product
specifications (especially gasoline and diesel) for your
refinery. Our study will analyze the impact of reducing gasoline
aromatics levels, diesel aromatics levels and diesel sulfur
content (except for large refineries in the SCAMD and Ventura
County which are currently at .0S wtsS). '

Future Operations

Our analysis will be based on CEC forecasts of crude 01l supply
and refined product demand for 1990 and 1995.

As a guideline for our analysis, please provide any planned
changes for 1990 and 1995 in your:

. Crude slate

Product slate

Other feedstocks

Process modifications or additions

Refinery Operating Costs

Please provide the following refinery operating costs for 1986:

0003 $/B Crude

Variable costs

- Catalyst and chemicals
- Electric power

- "Other" variable costs
- Purchased refinery fuel
- Subtotal variable costs

Fixed costs 1

- Contract maintenance

- Maintenance material

- Maintenance manpower

- Operations and 1
administrative manpower

- Tax, insurance and other

- Subtotal fixed costs

Total Cash Costs

(1) Include number of employees/contract laborers by category.

C-38
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VII.

VIII.

Previous Survey Submissions

Under the conditions of secrecy as outlined in our cover letter,
we would like access to your submissions to the following
previous surveys.

1.

4.

5.

Submission to National Petroleum Council for October 1986
U.S. Petroleum Refining Report.

Submission to CARB for October 1984 Diesel Fuel Modification
Study. '

Submission to CARB for May 1986 Benzene Control Plan.
Submission to NPRA for 1986 Diesel Fuels Survey.

DOE Monthly Refinery Reports for 1986 EIA-810.

Refinery Contact

Please provide the name of a day-to-day contact for questions
regarding your submission.

C-9
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AuvcusT 14, 1987

DEAR MR.

SUBJECT: SURVEY OF CALIFORNIA REFINERIES: HisTorRIC OPERATING DATA
AND FUTURE PLANS.

THE ATR RESOURCES BOARD HAS CONTRACTED WITH ARTHUR D. LrtTie, Inc. (ADL) TO
ANALYZE THE "COSTS OF REDUCING AROMATICS AND SULFUR LEVELS IN MOTOR VEHICLE
FUELS". THIS STUDY WILL EXAMINE THE COST IMPACT ON THE CALIFORNIA REFINING
INDUSTRY TO REDUCE AROMATICS AND SULFUR LEVELS IN DIESEL AND AROMATICS IN
GASOLINE MOTOR VEHICLE FUELS.

THE APPROACH ADL WILL TAKE IN DOING THIS ASSIGNMENT IS TO SIMULATE FIVE INDI~
VIDUAL CALIFORNIA REFINERIES USING LP MODELLING. THE REFINERIES HAVE BEEN
CHOSEN TO REPRESENT CALIFORNIA REFINERY PROCESSING CAPABILITY IN THE REFINING
INDUSTRY IN FIVE CONFIGURATION CLASSIFICATIONS. THE INDIVIDUAL REFINERY MODELS
WILL BE VALIDATED AGAINST ACTUAL REFINERY OPERATION IN TERMS OF CONFIGURATION,
CAPACITY, PROCESSING FLEXIBILITY, INPUTS, PRODUCT OUTPUTS, AND OPERATING COSTS.
THE RESULTS FROM THE INDIVIDUAL REFINERY MODELS WILL BE SCALED UP FOR EACH OF
THE CONFIGURATION GROUPS TO REPRESENT OVERALL CALIFORNIA REFINERY OPERATION.
IN ORDER TO ENSURE THAT THIS STUDY IS BASED ON THE BEST AVAILABLE INFORMATION
AND TO CALIBRATE THE ANALYSIS, WE ARE CONDUCTING A SURVEY OF CALIFORNIA
REFINERY HISTORIC OPERATING DATA AND FUTURE PLANS,

THE DATA REQUESTED ON THE ATTACHED SURVEY FORM WILL ENABLE ADL TO SCALE-UP
SELECTED REFINERY DATA FOR REFINERIES IN YOUR CONFIGURATION TYPE TO ASSESS THE
OVERALL IMPACT ON THE CALIFORNIA REFINING INDUSTRY. IF YOU OPERATE MORE THAN

ONE REFINERY IN CALIFORNIA WE REQUEST THAT YOU COMPLETE A SEPARATE SURVEY FOR
EACH REFINERY. ‘

WE REQUEST THAT THE SURVEY INFORMATION BE FORWARDED To ADL BY SEPTEMBER 18,
1987. PLEASE ADDRESS YOUR RESPONSES AS FOLLOWS:

Ms. KatHLEEN M. McCarTHY
ArTHUR D. LiTTLE, INnC.
Acorn Park, MD-315
CamBrIDGE, Ma. 02140

Aﬁ Arthur D. Little, Inc.
C-13



AucusT 14, 1987 PAGE 2

MrR. R. P. PavLETIC
REFINERY MANAGER
CHAMPLIN PETROLEUM COMPANY

PURSUANT TO THE PROVISIONS OF THE PUBLIC RECORDS Act (GOVERNMENT CODE SECTIONS
6250 ET sea.) AND SecTiON 91010, TiTLE 17, CALIFORNIA ADMINISTRATIVE CODE, THE
INFORMATION YOU PROVIDE WILL BE A PUBLIC RECORD AND SUBJECT TO PUBLIC DISCLO-
SURE, EXCEPT FOR TRADE SECRETS WHICH ARE NOT EMISSION DATA OR OTHER INFORMATION
WHICH IS EXEMPT FROM DISCLOSURE OR THE DISCLOSURE OF WHICH IS PROHIBITED BY
LAW. THE INFORMATION MAY ALSO BE RELEASED TO THE ENVIRONMENTAL PROTECTION
AGENCY, WHICH PROTECTS TRADE SECRETS AND OTHER CONFIDENTIAL INFORMATION IN
ACCORDANCE WITH FEDERAL LAW.

INFORMATION CLAIMED TO BE TRADE SECRET OR OTHERWISE EXEMPT FROM DISCLOSURE MAY
BE IDENTIFIED AS CONFIDENTIAL IN ACCORDANCE WITH SECTION 91011, TIiTLE 17,
CALYIFORNIA ADMINISTRATIVE CODE, WHICH REQUIRES THAT THE CLAIM OF CONFIDEN-
TIALITY BE ACCOMPANIED BY AN ADEQUATE JUSTIFICATION. THE JUSTIFICATION SHOULD

BE AS DETAILED AS POSSIBLE WITHOUT DISCLOSING THE TRADE SECRET OR OTHER
CONFIDENTIAL INFORMATION.

THE INFORMATION TO BE COLLECTED BY THIS SURVEY IS AN IMPORTANT ELEMENT IN OUR
INVESTIGATION OF THE EFFECTS OF CHANGES TO DIESEL FUEL SPECIFICATIONS. YOUR
PROMPT RESPONSE WILL BE GREATLY APPRECIATED. IF YOU HAVE ANY QUESTIONS, PLEASE
CALL ROBERT GRANT, RESEARCH CONTRACT MANAGER, AT (916) 323-5774. TECHNICAL
QUESTIONS REGARDING THE SURVEY SHOULD BE MADE TO EITHER KATHLEEN M. McCARTHY OR

JoHN FELTEN AT (617) 864-5770.
THANK YOU FOR YOUR PARTICIPATION.

SINCERELY YOURS,

JOHN HoLMmEs, PH.D.
CHIEF, RESEARCH DIVISION

At Arthur D. Little, Inc.
C~14



II.

/N Arthur D, Little, Inc.

Refinery Questionnaire II

Please provide the information as indicated on Table 1 attached
for the year 1986.

Process Capability

Our analysis will be based on January 1, 1987 capacities
published in the 0il and Gas Journal and DOE Annual Refinery
Surveys, unless you provide alternate data.

Please provide 1986 process capability for the processes listed
below. In addition, please provide additions to process
capability by 1990 based on your current pPlans under current EPA
regulations and ARB regulations.

Catalytic Reforming

- typical over point of feed
- average quality of feedstock (N + 24)
- average severity (RONC) and hydrogen production (MSCF/B)

- maximum severity (RONC) and hydrogen production (MSCF/B)
- operating pressure

Distillate Hydrotreating

- feedstock (S.R., Coker, FCC LCGO etc.)

- sulfur in (wt%) and sulfur out (wts)

- aromatics in (wt%) and aromatics out (wt%)

- hydrogen consumption: MSCF/B

- number of stages

- maximum sulfur removal and associated H2 consumption
- operating pressure

- operating temperature

- disposition of liquid product

Heavy Gas 0il (Vacuum G.0.) Hydrotreating

- feedstocks

- sulfur in (wt%) and sulfur out (wts)

- aromatics in (wt%) and aromatics out (wts)

- hydrogen consumption: MSCF/B

- number of stages

- maximum sulfur removal and associated H2 consumption
- operating pressure

- operating temperature

- disposition of liquid product

- conversion: vol$%

- yield (olefins, gasoline, LCCO, HCCO) volg

- feedstock(s) (VGO, Coker GO, Long resid, etc, volg)
- feedstock(s) quality (Aniline point, wt% S)

C-15
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IV.

/N Arthur D, Little, Inc.

Catalytic Hydrocracking

- feedstock(s) (Distillate, VGO, Coker GO, LCO, etc., volg)-
- hydrogen consumptions (MSCF/B)

- operating pressure:psig

- number of stages

- yield (gasoline, kerosine, distillate vols)

- maximum severity yield and hydrogen consumption

Thermal Processing

- type of unit (i.e., visbreaker, delayed coker, etc.)
- feedstocks (long resid, short resid, etc. volg)

Aromatic Extraction
- B, T, X (vols)
Hydrogen Generation/Purification

- process type (steam reforming, partial oxidation,
purification)

- capacity (MSCF/B pure H,)

- feedstock(s) (still gas, natural gas, LPG, mnaphtha,
plant H, etec.)

- productlon capability with alternative feedstocks

- current refinery hydrogen balance surplus (deficit) MMSCF/D

Gasoline Blending

Please provide volume percent blended, (R+M)/2 clear and volume
percent aromatics content of all gasoline components.

Diesel Blending

Please provide volume percent blended, wt.% sulfur and volume
percent aromatics content of all distillate components blended to
diesel and No. 2 fuel. Show diesel and No. 2 fuel as one product
if not segregated and indicate the degree of segregation
possible.

Future Operations

Our analysis will be based on CEC forecasts of crude oil supply
and refined product demand for 1990 and 1995.

As a guideline for our analysis, please provide any planned
changes for 1990 and 1995 in your:

Crude slate

Product slate

Other feedstocks

Process modifications or additions

C-16



VI.

Refinery Contact

Please provide the name of contact for questions regarding your
submission.

Ah Arthur D. Little, Inc. C-17
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STANDARD DISTILIATE HYDROTREATING

o0 One stage hydrotreating to reduce Sulfur level.

ANS Light ANS Heavy Lt Cat
Gas 0il Gas 0il Cycle 0il1
Pressure: PSIG 650 700 800
Catalyst Type: Co/Mo Co/Mo Co/Mo
Feedstock
gBP Cut: °F 375-500 500-650 375-650
APT 37.2 32.5 20.0
Wtg S 0.14 0.57 1.0
Vol% Aromatics 22.4 35.4 70.0
Cetane Index 40.8 46.9 26.3
H2 Consumption: SCF/B 140 225 700
groduct Quality
API 37.7 33.0 22.0
Wtg S 0.002 0.03 0.15
Vol% Aromatics 21.3 31.9 56.0
Cetane Index 41.8 47.9 28.7
Operating Cost Consumptions:
Fuel: FOEB/B 0.006 0.006 0.008
Electricity: Kwh/B 1.3 1.3 1.5
Steam: M#/B 0.012 0.012 0.01
Cooling Water: MGal/B 0.32 0.32 0.48
Catalyst & Chem: $/B 0.0063 0.0063 0.0068
Manpower: Men/Shift 2.4 2.4 2.5
Capital Related Costs:1
Unit Size: MB/D 30 30 10
Scale Factor: e 0.7 0.7 0.7
ISBL Cost: MM$ 18.2 18.2 11.0
Offsites Cost: MM$ 9.1 9.1 5.5
Maintenance: % ISBL 4.0 4.0 4.0
% Offsites 2.5 2.5 2.5
L 1987 USGC location. California = 1.05 x USGC location.

Typical data.
are feed specific.

/N Arthur D. Little, Inc.

Feedstock quality,

product quality and hydrogen

consumption

Coker

Gas 01l

800

Co/Mo

350
2
40
33

490

31.

0.
32.
36.

10

11.

NO O OO

-600
29.

2

.0
.0
4

.008

.01
.48
.0068

ulT O L O~



DISTILLATE HYDROREFINING

o0 Severe hydroprocessing to meet 0.05% Sulfur.

ANS Heavy Lt Cat Coker
Pressure: PSIG 900 1,500 1,500
Catalyst Type Co/Mo Co/Mo Co/Mo
Feedstock
TBP Cut: °F 500-650 375-650 350-600
API 32.5 20.0 29.2
Wtg S 0.62 1.0 2.0
Vol% Aromatics 35.4 70.0 40.0
Cetane Index 46.9 26.3 33.4
H2 Congsumption: SCF/B 290 950 630
groduct Quality
API 33.8 25.4 32.3
Wtg S 0.03 0.05 0.05
Nitrogen: ppm <1.0 <1.0 <1.0
Vol% Aromatics 30.1 49.0 28.0
Cetane Index 48.9 33.0 38.5
Operating Cost Consumptions:
Fuel: FOEB/B 0.007 0.009 0.009
Electricity: Kwh/B 1.3 1.5 1.5
Steam: M#/B 0.012 0.01 0.01
Cooling Water: MGal/B 0.32 0.48 0.48
Catalyst & Chem: $/B 0.0073 0.0095 0.0095
Manpower: Men/Shift 2.5 2.5 2.5
Capital Related Costs:l
Unit Size: MB/D 30 10 10
Scale Factor: e 0.7 0.7 0.7
ISBL Cost: MMS 31.8 15.4 15.4
Offsites Cost: MM$ 15.9 7.8 7.8
Maintenance: % Process 4.0 4.0 4.0
% Offsites 2.5 2.5 2.5

! 1987 USGC location. California = 1.05 x USGC location.
Typical data. Feedstock quality, product quality and hydrogen consumption
are feed specific.

/N Arthur D. Litile, Inc.
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DISTILIATE ARQMATICS REMOVAL

o Two stage hydroprocessing to reduce aromatics to 20 Vols.

First Stage: Pressure, PSIG
Catalyst Type

Second Stage: Pressure, PSIG
Catalyst Type

Feedstock

TBP Cut: °F
APT

Wtg S

Vol% Aromatics
Cetane Index

H2 Consumption: SCF/B

groduct Quality
API

Sulfur: ppm
Nitrogen: ppm
Vol Aromatics
Cetane Index

Operating Cost Consumptions:
Fuel: FOEB/B

Electricity: Kwh/B

Steam: M#/B

Cooling Water: MGal/B
Catalyst & Chem: $/B
Manpower: Men/Shift
Platinum: troy oz.

Capital Related Costs:1

Unit Size: MB/D

Scale Factor: e

ISBL Cost: MM$

Offsites Cost: MM$

Maintenance: % Process
% Offsites

5 1987 USGC location. California

3 are feed specific.

4 Stage 1 product: 1 ppm Nitrogen

ANS Heavy
Gas 0il

900
Co/Mo
1,000
Pt

500-650
32.5
0.57
35.4
46.9

1015

36.

2.
<1l.
10.

O OO

.025

.012
.29
.029
.0
12,000

WO OoOOoOOoOo

30
0.65
53.0
26.5
4.0
2.5

Lt Cat
Cycle 0il

1,500
Co/Mo
1,000
Pt

375-650
20.0
1.0
70.0
26.3

2,000
33.

5.
<l.

OO COo

10
0.65
26.0
13.0
4.0
2.5

= 1.05 x USGC location.
Typical data. Feedstock quality, product quality and hydrogen consumption

Coker

Gas 0il

1,500
Co/Mo
1,000
Pt

350-600
29.2
2.0
40.0
33.4

1280

34,

<1.
10.

WO OO W

.025

.012
.29
.029
.0
4,000

WO O OO0

10
0.65
26.0
13.0
4.0
2.5

Costs are based on the UOP AH Unibon process extrapolated from commercial
processing of straight run distillates.
LCO UOP would need to conduct a pilot plant program followed by some
engineering design and estimating work.

/ﬂl Arthur D. Little, Inc.
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MOBIL METHANOL TO OLEFINS PROCESS

Basis: Sized on produce 11,000 B/D distillate on MOGD

1987 U.S. Gulf Goast Costs. California = 1.05 x USGC location

330 SD/yr operation

Volume Basis

Input B/SD Vol.%

Methanol 23,305 100.0

Output

C3/C4 Olefins 19,643 84.3

Loss (H20 + Volume Shift) 3,662 _15.7

Total 23,305 100.05

Operating Costs: $/B or $/Tn Olefins

Fuel: FOE B/B, FOE TN/TN 0.0035
Catalyst & Chemicals: §/B, $/TN 0.37
Cooling Water: MGal/B, MGal/TN 1.00
Electricity: Kwh/B, Kwh /TN 4.20
Steam: M#/B, M#/TN (credit) (0.043)
Makeup Water: MGal/B, MGal/TN 0.005
Manpower: Shift Pos. 3.0
SP/B, SP/IN 0.00015
Maintenancel: $/B, $/TN 0.290
Investment?: 000 53,700
$/B/D, $/TN/D 2,734

L Based on 4% process, 2.5% offsites, 330 SD/yr.
Includes 50% offsites.

A\ Arthur D. Little, Inc. Dt

Weight Basis

MT/SD

2,918

1,680
1,238

2,918

Wts

100.0

57.6

42 .4

100.0

0.0065

11.61

49.2

(0.500)
0.060

0.0018

3.390
53,700
31,964



MOBIL. OLEFINS TO GASOLINE AND DISTILLATE PROCESS1

Basis: 11,000 B/D hydrotreated distillate

1987 U.S. Gulf Coast Costs. California = 1.05 x USGC location

330 SD/yr operation

Volume Basis

Input B/SD Vol.%
C3/C4 Olefins (46%/54%) 19,643 100.0
Hydrogen: MSCF, MT2 4.933

Qutput

LPG 1,805 9.2
Gasoline 1,428 7.3
Jet Fuel 3,402 17.3
Diesel 7.560 38.5
Total 14,195 72.3

Operating Costs: $/B or $/Tn Olefins

Fuel: FOE B/B, FOE TN/TN .0133
.37
Cooling Water: MGal/B, MGal/TN .205
Electricity: Kwh/B, Kwh/TN .9

0
Catalyst & Chemicals: $/B, $/IN 0
0
5
Steam: M#/B, M#/TN 0.118
0
3
0
0

Makeup Water: MGal/B, MGal/TN .015
Manpower: Shift Pos. .0
SP/B, SP/TN .000153
MaintenanceS: $/B, $/TN .265
Investmenthz 000 § 49,050

$/B/D, $/IN/D 2,497

Including distillate hydrotreater.

Based on 450 SCF/B distillate.

Based on 4% process, 2.5% offsites, 330 SD/yr.
Includes 50% offsites.

N

/N Avthur D. Little, Inc.

Weight Basis

MT/SD _Wts
1,680 100.0
12 0.71
146 8.7
168 10.0
418 249
960 57.1
1,692 100.7
0.0246
4.33
2.43
69.1
1.375
0.165
3.0
0.00179
3.10
49,050
29,196




MOBIL OLEFINS TO GASOLINE AND DISTILLATE PRODUCT QUALITIES

Specific Gravity
API

RON:
RON:
MON:
MON:
FON:
FON:

Cl
+3
Cl
+3
Cl
+3

RVP: Psig

$ @ 70 zc
% @ 100 °c

Parafins: Wts
Olefins: Wts%
Naphthenes: Wt%

Aromatics: Wt
- Benzene: Wtk
- PNA: Wty

Durene: Wt$%

Sulfur: Wts

50%: oC

Cetane No.:1
Cetane Index:
Cloud: °c

Freeze: oC
Viscosity: €S @ 40 °c

CS @ 50 gc
RI @ 50 °c

Use Cetane No.

/N Arthur D, Little, Inc.

D-6

MOGD
Gasoline HDT Jet HDT Diesel

0.74 0.774 0.80
59.7 38.4 45 .4
92 -- --
99
79 -- --
86
90 -- --
97
11 -- --
28 -- --
51 -- --

4 - -
94 -- --

0 - -

2 4 2.9
0 . -

- - 0 0

0 - -

0 0.002 0.002
-~ 230 266

- 54 52

-- 68 65.9
-- -- -55

- -60 -
-- 2.0 2.5
-- 1.3 1.7
-- 6.64 9.7

MTG

Gasoline

0.74
59.7
93

100
83
91
87
95
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